Inhibition of (Na(+)/K(+))-ATPase by Cibacron Blue 3G-A and its analogues.
A specific feature of anthraquinone dyes (AD) is to mimic the adenine nucleotides ATP, ADP, NAD and NADH, enabling them to act as ligands in interaction with nucleotide-binding sites of several enzymes and receptors. In the present study, the interactions and/or inhibitory effects of eight AD, including Cibacron Blue 3G-A (Reactive Blue 2), Procion Blue MX-R (Reactive Blue 4) and Remazol Brilliant Blue R (Reactive Blue 19) on the activity of (Na(+)/K(+))-ATPase were investigated. The AD used in this paper could be divided into two groups: i) AD1-AD4 that do not contain the triazine moiety; ii) AD5-AD8 that contain the triazine moiety. Interaction affinity between the respective dye and (Na+/K+)-ATPase was characterized by means of enzyme kinetics. All AD, excluding AD1 and AD2 (which were practically ineffective) exerted effective competitive inhibition to the (Na(+)/K(+))-ATPase activity. Present study is devoted to elucidation of relationship between the inhibitory efficacy of AD against (Na(+)/K(+))-ATPase activity, their acid-basic properties and their three dimensional structure. From the results obtained, the following conclusions could be driven: 1. Similarities in the mutual position of positively and negatively charged parts of ATP and AD are responsible for their interaction with ATP-binding site of (Na(+)/K(+))-ATPase. This may be documented by fact that mutual position of 1-aminogroup of anthraquinone and -SO3(-) group of benzenesulphonate part of respective AD plays crucial role for inhibition of this enzyme. Distances of these two groups on all effective AD were found to be similar as the distance of the 6-aminogroup of adenine and the second phosphate group on ATP molecule. This similarity could be responsible for biomimetic recognition of AD in ATP-binding loci of (Na(+)/K(+))-ATPase. 2. The affinity of AD to ATP binding site of (Na(+)/K(+))-ATPase increases with increasing values of molar refractivity, i. e., with increasing molecular volume and polarizability.